Objective: To describe the epidemiology of prevalent and incident chlamydia infection in order to assess the appropriate interval for chlamydia screening; and to identify risk factors predictive of infection and repeat infections. Design: Prospective longitudinal study of a consecutive sample of 3860 sexually active females aged 12-60 years tested for C trachomatis by polymerase chain reaction in Baltimore City clinics during 11 904 patient visits over a 33 month period. Results: Chlamydia prevalence, incidence, and frequency to diagnosis of infection varied by age. Among 2073 females <25 years, chlamydia infection was found in 31.2%. The median times to first and repeat incident infections were 7.0 months and 7.6 months, respectively. Among 1787 females >25 years, chlamydia infection was found in 9.6%. Median times to first and repeat incident infections were 13.8 months and 11.0 months, respectively. Age <25 years yielded the highest risk of infection. Conclusions: Since a high burden of chlamydia was found among mostly asymptomatic females <25 years in a spectrum of clinical settings, we recommend chlamydia screening for all sexually active females <25 years at least twice yearly. (Sex Transm Inf 2001;77:26-32) 
Introduction
Chlamydia is the most common reportable bacterial sexually transmitted disease (STD) in the United States, with an estimated three million cases annually 1 2 and is the most common preventable cause of serious gynaecological problems, such as tubal factor infertility, ectopic pregnancy, and chronic pelvic pain. [3] [4] [5] [6] Furthermore, among all women, sexually active adolescents are at highest risk for chlamydia infection and its sequelae. [7] [8] [9] Because of the potential adverse outcomes following infection, since 1993, the Centers for Disease Control and Prevention (CDC) has recommended screening all sexually active females under the age of 20 years and women 20-24 years with sexual risk behaviours for chlamydia genital infection whenever undergoing a pelvic examination. 10 The development of highly sensitive nucleic acid amplification tests has facilitated increased screening, since they can be performed using a cervical, self administered vaginal swab, or urine sample, alleviating the need for a pelvic examination for screening asymptomatic females. [11] [12] [13] [14] [15] [16] This change in the clinical paradigm and the increased sensitivity of these tests has prompted a re-evaluation of the screening strategy. The issue of who should be screened and how frequently warrants revisiting. We previously reported high chlamydia prevalence and incidence rates among Baltimore City adolescents (a subset of females in this analysis). 7 However, that analysis was limited to data with females <20 years old. In this study we evaluated longitudinal data collected on sexually active females age 12-60 years having at least two clinic visits with nucleic acid amplification test screening for chlamydia. Our objectives were to describe the epidemiology of chlamydia in females and to identify risk factors which predict current and repeat infections.
Methods

STUDY SAMPLE
Chlamydia screening in Baltimore family planning (FP), sexually transmitted disease (STD), and school based health centres is a component of the US Public Health Service Region III Infertility Prevention Project. 7 17 This analysis included data collected from participating sites from 1 January 1994 to 30 September 1996. Informed consent for care was obtained from all patients attending the participating Baltimore City Health Department (BCHD) FP (two), STD (two), and school clinics (five). The study was approved by the institutional review boards of the BCHD and Johns Hopkins University.
DATA COLLECTION
Demographic and behavioural data were routinely collected using a standardised form on all women tested for chlamydia at each visit. Race or ethnicity and date of birth were recorded according to patients' self description. Reasons for chlamydia test/examination were coded as mutually exclusive categories and included (1) STD contact regardless of symptoms, (2) evaluation of any STD related symptoms, such as vaginal discharge or lower abdominal pain, (3) STD screening without symptoms, such as for a routine physical examination or for STD concerns without symptoms (that is, "I just want to get checked out"), and (4) reason "other" than above, such as injury, viral illness complaints, or refill of contraception method. Previous STD history was by self report and included (1) a previous syphilis infection, and (2) a previous gonorrhoea and/or chlamydia infection. Sexual risk behaviours in the 90 days before testing also were by self report and included having a new partner, multiple partners, or inconsistent condom use.
Patients with clinical signs of infection, who were diagnosed with gonorrhoea or chlamydia cervicitis, or who had sexual contact with a partner with symptoms or a diagnosis of urethritis received treatment including either doxycycline 100 mg twice daily for 7 days or a single 1.0 g dose of azithromycin before leaving the clinic. All patients with a positive chlamydia test at the STD and FP clinics were notified by telephone or mail and requested to return for treatment (if not already provided). Patients at the school based health centres were usually available on site to receive test results and treatment. All infected patients were advised to refer their partners for treatment and to abstain from sexual intercourse for 7 days following complete treatment of both patient and all current sex partners.
LABORATORY METHODS
Cervical specimens were routinely obtained by clinicians using a standard protocol when a pelvic examination was performed, regardless of patient age and symptoms. Urine specimens were obtained when no pelvic examination was performed. Chlamydia tests were performed at the Johns Hopkins University chlamydia research laboratory by polymerase chain reaction (PCR) (Amplicor at Roche Diagnostic Systems, Branchberg, NJ, USA) have been previously described. 7 18 In our sample we assumed repeat chlamydia positive PCR tests >30 days apart represented incident infections since PCR chlamydia tests have not been found to remain positive for longer than 3 weeks following therapy and both a 7 day course of doxycycline and a single dose azithromycin have treatment failure rates <5% at 2-4 weeks after therapy. [19] [20] [21] DATA ANALYSIS Data were entered into a computer database (d-base III, plus, Ashton Tate, Borland International, Inc, Scotts Valley, CA, USA). All statistical analyses were performed using Intercooled Stata 5.0 (Stata Corporation, College Station, TX, USA).
To clearly characterise the chlamydia burden in the study population for the period 1 January 1994 to 30 September 1996, we calculated four distinct prevalence rates. Prevalence rate was calculated as: (1) the proportion of chlamydia positive test results among all chlamydia tests (2) the proportion of females with at least one positive chlamydia test, (3) the proportion of first chlamydia tests that were positive, and (4) the proportion of repeat chlamydia tests that were positive during the observational period. 7 22 Incidence was calculated as the rate of incident cases per person month of exposure among females with >1 clinic visit. The person months were calculated as the sum of time at first test to time at last test for each patient during the study period. Clinic based incidence rates were adjusted for age. A 95% confidence interval for the incidence rate was calculated under the assumption of an exponential distribution for time to disease using a maximum likelihood estimate of variance. 23 The frequency of diagnosis of first incident infection was estimated by calculating the median time interval in months between first test and first positive test during the study period among all females with negative results at first test and at least one subsequent positive test. 7 The frequency of diagnosis of repeat incident infection was estimated by calculating the median time interval in months between first and repeat positive test during the study period among all females with at least two positive tests. 7 Patterns of none, one, or >1 positive chlamydia PCR test result obtained with a cervical or urine specimen during the course of the study period were the dependent variables. Independent variables at first visits analysed as possible predictors of chlamydia PCR test result patterns included age (<25 or >25 years), reason for clinic visit, clinic type, history of STDs, condom use, new sex partners, and multiple sex partners. Association between each of these clinical and behavioural variables with infection was evaluated by bivariate analysis using Pearson's 2 test of independence. All independent variables found significant (p<0.05) in the bivariate analysis were entered into a multinomial logistic regression model to estimate the adjusted relative risks of one or of repeat chlamydia diagnoses compared with no diagnosis of infection. A significance level of less than 0.05 was specified for variables to remain in the model.
Results
STUDY SAMPLE
The 11 904 patient visits >30 days apart were made by 3860 females aged 12-60 years over the 33 month period. The mean age of females at clinic visit was 25.7 (SD 8.2) years and 97% were African-American. The mean number of clinic visits per individual was 3.1 (1.5), and the median time to a repeat visit was 4.2 months. These time dimensions did not vary with age (that is, age <25 years versus >25 years). Forty two per cent of visits were to FP, 45% were to STD, and 7% were to school based clinics, which are utilised predominantly by an urban community with limited financial resources. More than 75% of females admitted to inconsistent condom use and over 85% claimed only one sex partner during the 90 days before the time of first clinic visit (table 1) .
CHLAMYDIA PREVALENCE AND INCIDENCE
During the study period, 8.5% of all chlamydia tests performed on the 12-60 year old sexually active females were positive. Chlamydia prevalence distinctly varied by age. Among females <25 years, chlamydia infection was found in 821 (13.8%) of all clinic visits. Almost 20% of the 2073 first tests and 10.5% of the 3900 repeat tests were positive. Overall, a third of the 2073 females <25 years had at least one positive chlamydia test (fig 1) . In contrast, among females >25 years, 193 (3.3%) of chlamydia tests were positive. For females >25 years, chlamydia infection was found in 5.4% of the 1787 first tests and 2.3% of the 4144 repeat tests. Of the 1787 females >25 years in the sample, approximately 10% had at least one positive test (fig 1) . Females < 25 years accounted for 81% of all the positive chlamydia tests in the sample (fig 2) .
The chlamydia incidence rate and frequency of incident infection also varied by age (table  2) . Among females <25 years, the chlamydia incidence rate was 20.3 cases per 1000 person months based on 378 incident chlamydia infections detected during 18 626 person months of observation (95% confidence interval 18.4-22.5). This was substantially higher than the rate for females >25 years of 3.6 cases per 1000 person months based on 88 incident chlamydia infections detected during 24 227 person months of observation (95% CI 2.9-4.4). Chlamydia incidence varied to a lesser degree by clinic type. Age adjusted incidence for FP clinics was 10.0 cases per 1000 person months of observation (95% CI 9.5-10.5), for STD clinics was 13.5 cases per 1000 person Variables at first clinic visit identified by multinomial logistic regression to be independently associated with a female having one positive chlamydia tests during the study period included age <25 years, being seen at an STD clinic compared with a school based clinic, clinic visit for "other" reason compared with screening as reason for clinic visit, and inconsistent condom use (table 3) . Paradoxically in this model, having a previous syphilis infection was protective even after controlling for age.
Variables at first clinic visit identified by multinomial logistic regression to be independently associated with a female having at least one repeat positive test compared with all negative chlamydia tests during the study period included age < 25 years, being seen at an STD clinic compared with a school based clinic, and clinic visit for "other" reason compared with screening as reason for clinic visit (table 3) .
Age <25 years was the strongest predictor of infection and of reinfection. The relative risk of a female having one positive chlamydia test result compared with all negative test results during the study period was 4.0 (95% CI 3.3-4.9) for females <25 years relative to females >25 years. Even more pronounced was the risk of repeat infections with young age. The relative risk of a female having repeat positive chlamydia test results compared with all negative test results during the study period was 8.9 (95% CI 5.6-14.3) for females <25 years relative to females >25 years.
In our sample, age <25 years was the most eVective screening criterion to define a group of females with the majority of infections. The other chlamydia risk factors were present in only a small proportion of first clinic visits by females with >1 positive test result during the study period or present for all females at first visit, regardless of chlamydia test results (tables 1 and 4). For example, if a chlamydia screening programme targeted all females <25 years, only 53% of females would be screened ( 80% of females diagnosed with >1 infection would have been identified (table 4) , but screening would have been indicated for three quarters of females in the sample (table 1) , oVering little advantage to selective screening. Thus, age <25 years oVered the best selective screening criterion upon which to based targeted testing.
Discussion
Chlamydia screening programmes have been successful at reducing the incidence and prevalence of infection. 9 24 25 Because broad scale screening is expensive, STD epidemiologists have attempted to identify demographic and behavioural risk factors to develop selective chlamydia screening criteria. 19 26 27 We found that age was the most important predictor of chlamydia infection and reinfection. In our sample of almost 4000 sexually active females, screening only those age <25 years (half of our population) would have identified nearly 80% of females diagnosed with > 1 chlamydia infections. The relative risk of diagnosis of one chlamydia infection during the study period for females <25 years was four times that of females >25 years and for recurrent infection was nine times of that of females >25 years. All other predictors imparted incomparably modest, if any, risks of infection and reinfection. Other studies utilising less sensitive chlamydia tests and smaller study samples have also found recurrent chlamydia infections within 5-9 month periods among their adolescent female patients. 28 29 Age as a selective chlamydia screening criteria oVers many practical operational advantages to chlamydia programmes and is nonjudgmental. As an objective criterion, it avoids potential response to bias to sexual behaviour questions. In addition, age can be used as a convenient, easily defined indicator for quality assurance measures. Although providers have historically relied on complaints of STD symptoms as a sensitive screening tool for females, a high proportion of chlamydia infected females in our study denied symptoms suggestive on an STD. Chlamydia infected females may be ashamed to admit STD related symptoms to providers or may not perceive their symptoms as signs of infection. Both public and private healthcare sectors continually search for cost eVective strategies to deliver quality care. Age based universal screening and urine based DNA amplification testing have proved to be cost eVective chlamydia screening strategies. 11 30 31 We found paradoxically that syphilis was "protective" for chlamydia. We believe that in reality, this represents a spurious finding because of confounding by age. The majority of females diagnosed with syphilis in Baltimore City are >25 years of age, whereas chlamydia is a more common infection diagnosed in younger females (Noreen Hynes, personal communication).
Our study had several limitations. Firstly, the race, ethnicity, and socioeconomic status of our sample population were homogeneous. Some of our findings may not apply to populations with more diverse racial, ethnic, and socioeconomic backgrounds. Also, our rates of chlamydia infection were very high and conclusions drawn may not be generalisable to areas where lower rates of chlamydia exists. However, our chlamydia rates were determined using more sensitive tests than are available to many parts of the country, where the disease burden may be underestimated. 32 A second limitation is our use of only a limited number of behavioural risk factors at first clinic visit as predictors of infection during the study period. Other risk factors, such as method, timing, and type (male versus female) of condom use, STD and HIV coinfection, sexual abuse, and partner age need to be examined. In addition, we relied on first visit behavioural risk factors, which may change over time, to predict occurrence of chlamydia diagnoses at first and subsequent visits. [33] [34] [35] However, behavioural risk factors minimally contributed to our ability to predict risk of infection at current or future visits. Thus, we do not believe the reliability of our findings would be altered.
Males were not included in this sample, which is a current limitation of the CDC Infertility Prevention Project. The epidemiology of chlamydia infection in males diVers from that of females, such as older age of peak infection rates and lower risk of sequelae, but data on this subject are limited. 3-6 36-42 The high recurrent infection rate in this study suggests an existing reservoir of asymptomatic male chlamydia infection.
A number of observations were not included in the data analysis owing to incomplete information on demographic and behavioural characteristics. These exclusions represented only 4.8% of the total number of observations. We therefore do not feel that these data would have altered our findings significantly. Also, females with only one clinic visit were not included in the analysis. However, age based chlamydia prevalence and predictors of infection did not significantly diVer when the analysis included all females with >1 clinic visit. 43 Finally, history of infection status of these sexually active females diagnosed in clinics outside the study sites and at times after the study period is unknown. Females in this sample may have been diagnosed and treated for chlamydia infection at other clinical sites before, or during the study period. In addition, females may have been infected during the study period, but never tested or tested after the end of data collection. Thus, determination of true chlamydia history, incidence, and prevalence rates is limited to data available to us and may have resulted in an underestimation of the absolute rate of chlamydia infection.
Health defined as "physical, mental, and social wellbeing" includes the capacity for fertility and sexual pleasure. 44 Since chlamydia can have a devastating impact on fertility and sexual health, appropriate screening of asymptomatic females improves capacities for good health. 45 46 We found the chlamydia incidence rate for females <25 years to be more than five times greater than in females >25 years and the median time to diagnosis of incident infection to be approximately half. Sexual risk and health seeking behaviours failed to eVectively identify females at risk of infection and repeat infection during the study period. Therefore, we recommend screening ALL females <25 years for chlamydia twice a year regardless of symptoms, previous infections, condom use, or multiple partner risk.
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